A major concern in treating patients with rheumatoid arthritis (RA) is drug-induced immunosuppression, and when RA is associated with chronic infections, it becomes a therapeutic challenge for the rheumatologists. Hepatitis C virus (HCV) infection exists worldwide and occurrence in patients with RA is not uncommon, mainly in endemic areas. Upon infection with HCV, patients with RA might experience both the worsening of liver function because of drug toxicity and an increase in HCV replication due to immunosuppression. This is particularly true for methotrexate (MTX), whose liver toxicity is well known and a possible cirrhotic effect requiring serial liver biopsies was documented some years ago 1 . However, to our knowledge, the combined prevalence of liver toxicity from MTX and liver damage from chronic HCV infection has not been reported to date. These concerns have increased since the use of tumor necrosis factor (TNF-a) inhibitors for the treatment of RA, whose blocking effects may affect the competence of the immune system to control viral infection 2 . However, some reports have suggested that anti-TNF drugs are safe in patients with RA and concomitant HCV infection 3, 4, 5, 6, 7, 8, 9 . These studies were mainly case series and retrospective surveys and TNF blockers were given as monotherapy, except in the study by Bellisai, et al, in which anti-TNF drugs were combined with cyclosporine 3 . Randomized clinical trials are lacking regarding the safety and efficacy of combined therapy with anti-TNF drugs and MTX, the latter being the anchor drug for most biological drugs in the treatment of RA. In our 
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MATERIALS AND METHODS

Patients. Patients fulfilling American College of Rheumatology (ACR)
1987 classification criteria for RA were prospectively enrolled in 5 rheumatology centers in southern Italy belonging to the Gruppo Italiano di Studio sulle Early Arthritides (GISEA). GISEA instituted a register in which information on patients with rheumatic diseases commencing biologic drugs is compiled (ClinicalTrials.gov Identifier NCT01543594). Approval was obtained by the local ethics committee for our study and the patients were recruited after giving their written informed consent in compliance with the Helsinki declaration.
Inclusion criteria were (1) age ≥ 18 and ≤ 75 years old, (2) MTX-naive patients with Disease Activity Score on 44 joints (DAS44) ≥ 3.7, and (3) patients with HCV infection not requiring antiviral therapy. Exclusion criteria were (1) elevated serum transaminases > 3-fold upper normal limits in the last 3 months, (2) liver cirrhosis diagnosed by liver biopsy or according to the clinical Child-Pugh score, (3) previous treatment with MTX or biological drugs, (4) presence of active or latent tuberculosis (assessed by chest radiographs and tine test), (5) active infections, (6) neoplasia, except for skin basocellular carcinoma, (7) classes III-IV of New York Heart Association heart failure, (8) pregnancy, and (9) concomitant HBV infection, including anti-HBcAg carriers.
HCV infection was diagnosed using commercial ELISA kits to detect anti-HCV antibodies and subsequent measurement of HCV viremia by polymerase chain reaction. Viral load was expressed as log10 of the detected values for analysis. The laboratory tests included measuring for rheumatoid factor, anticyclic citrullinated peptide, cryoglobulins, antinuclear antibody, antiextractable nuclear antigen, anti-smooth muscle antibodies, antimitochondrial autoantibodies, first-hour erythrocyte sedimentation rate, C-reactive protein, albumin, prothrombin time (PT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), and bilirubin.
The clinical data collected were age, sex, disease duration, smoking, number of swollen and tender joints, pain assessed by a visual analog scale (VAS 0-100), patient's assessment of general health (VAS, range 0-100), Ritchie's index, health assessment questionnaire (HAQ) scores, and side effects.
Design of the study. Our study was prospective and open-labeled, with a period of enrollment of 2 years. Eligible patients were randomly assigned to receive MTX alone (starting dose 10 mg/week subcutaneously), etanercept alone (50 mg/week subcutaneously), or combined therapy with MTX 10 mg/week and etanercept 50 mg/week. The randomization was carried out according to an allocation concealment mechanism: 1 external person sequentially assigned by phone to the interventions 1:1:1, while the allocation sequence was concealed to researchers. Concomitant treatments with glucocorticoids at doses of 5-7.5 mg/day (prednisolone or equivalent) and symptomatic nonsteroidal antiinflammatory drugs were allowed. For patients taking MTX alone or in combination who developed elevated serum transaminases or increase in HCV replication, rescue into the etanercept branch was permitted. At entry, 14, 30, and 54 weeks, serum liver function tests (AST, ALT, ALP, GGT, bilirubin, albumin, PT), and HCV viral load were measured, together with liver ultrasound (US) examination. DAS44 and functional disability (HAQ) were assessed at the same time. The European League Against Rheumatism (EULAR) clinical response criteria were used to evaluate the clinical response; accordingly, patients are divided into 3 categories: "good" response when the DAS44 change from baseline is > 1.2, "moderate" when change is between > 0.6 and < 1.2, or "none" when change is < 0.6.
Statistical analysis. A normal distribution of continuous variables was
estimated by using the Kolmogorov-Smirnov test. Continuous variables were reported as means and SD if normally distributed, while medians and interquartile (IQR) range were calculated for non-normally distributed continuous variables. For categorical variables, counts and percentages were calculated. Differences in means for normally distributed continuous variables were compared by using ANOVA and least square difference posthoc analysis, or Student t test for paired data. The Wilcoxon signed-rank test was used to compare non-normally distributed continuous variables. Differences in the distribution of frequencies were assessed by chi-squared test and Yates' correction where appropriate. Analyses were done using SPSS (version 20) statistical software; a p < 0.05 was considered statistically significant.
RESULTS
Clinical data. Seventy-four patients with RA and HCV infection were screened and 38 of them were excluded because of elevated serum transaminases > 3 times the upper normal limits or liver cirrhosis. Thirty-six patients with mild hepatitis were enrolled in the study, but 7 of them withdrew consent after the randomization, and 29 patients began the treatment. Three patients were obese (body mass index over 30 kg/m 2 ), but only 2 of them started the therapy. Of 4 patients with diabetes mellitus, 2 withdrew the consent, 1 dropped out of the study after 14 weeks, and 1 completed the study. Of 29 patients, 15 showed hepatomegaly and 12 steatosis on US examination of the liver. Clinical data and demographics are summarized in Table 1 . At baseline, all patients were MTX-naive and had high disease activity with mean DAS44 > 3.7 and poor functional ability with a median HAQ = 1.25. No difference in terms of disease activity, disease duration, serum HCV viral load, and liver enzymes among the 3 types of treatment was seen. Five patients were also taking low-dose prednisone (5-7.5 mg per day). The flow chart of the study is shown in Figure 1 . Out of 29 patients, 9 began therapy with MTX alone, 13 As shown in Figure 2 , in patients taking etanercept alone there was no significant change in liver function between baseline and any followup timepoint in ALP (90 ± 13 at entry, 105 ± 13, 105 ± 19, and 127 ± 14 at 14, 30, and 54 weeks, respectively), ALT (48 ± 11 at entry, 51 ± 7, 60 ± 13, and 47 ± 10 at 14, 30, and 54 weeks, respectively), AST (38 ± 6 at entry, 39 ± 7, 46 ± 10, and 38 ± 7 at 14, 30, and 54 weeks, respectively) or GGT (43 ± 8 at entry, 50 ± 13, 55 ± 23, and 97 ± 6 at 14, 30, and 54 weeks, respectively). In patients taking MTX therapy, ALP levels were significantly increased from baseline (97 ± 12) to 14 weeks (159 ± 24, p < 0.05), then decreased at 30 (125 ± 33) and 54 weeks (119 ± 20) and were no longer significantly higher than baseline; other measures were not significantly elevated at any followup timepoint (ALT 35 ± 7 at entry, 42 ± 14, 43 ± 20, and 41 ± 7 at 14, 30, and 54 weeks, respectively; AST 36 ± 2 at entry, 41 ± 12, 44 ± 9, and 38 ± 7 at 14, 30, and 54 weeks, respectively; GGT 29 ± 5 at entry, 21 ± 2, 35 ± 8, and 
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The on February 5, 2014 -Published by www.jrheum.org Downloaded from 30 ± 6 at 14, 30, and 54 weeks, respectively). In patients taking a combination of MTX and etanercept, the increases in ALP levels at the followup timepoints were not large enough to be significant (87 ± 9 at entry, 146 ± 32, 115 ± 34, and 135 ± 52 at 14, 30, and 54 weeks, respectively), nor were there significant changes in other enzymes (ALT 44 ± 6 at entry, 44 ± 5, 42 ± 10, and 58 ± 7 at 14, 30, and 54 weeks; AST 39 ± 7 at entry, 38 ± 5, 33 ± 10, and 46 ± 2 at 14, 30, and 54 weeks; GGT 47 ± 7 at entry, 34 ± 8, 36 ± 6, and 36 ± 4 at 14, 30, and 54 weeks, respectively). In Table  2 , changes in albumin and total bilirubin levels, PT, and HCV viral load are summarized. No significant differences within the 3 arms of treatments were detected throughout the study. Serial liver US did not show significant changes during the study. Safety and clinical response. Drugs were globally well-tolerated, with one single serious event, heart failure, occurring in the group taking etanercept in combination with MTX. With regard to mild side effects, in the MTX group 1 patient complained of nausea, in the MTX plus etanercept group a rash occurred in 1 patient, and in the etanercept group 1 patient complained of rash and another of paresthesia. The rate of therapy survival was 83% (24 out of 29 patients) at 54 weeks.
Clinical outcomes were assessed by measuring the DAS44 and functional disability (HAQ). DAS44 was 4.2 ± 0.6 at entry, 3.1 ± 1 after 14 weeks, 2.6 ± 1 after 30 weeks, and 2.6 ± 1 after 54 weeks, the differences were statistically significant (Figure 3) . The percentage of patients achieving a good EULAR response (a reduction of DAS44 ≥ 1.2) was 44% at 14 weeks (p > 0.05), 73% at 30 weeks (p < 0.01), and 74% at 54 weeks (p < 0.01). Also, the HAQ disability index showed a significant reduction, 1.25 (IQR 0.75) at baseline, 0.75 (IQR 0.81) at 14 weeks (p = 0.001 vs baseline), 0.75
DISCUSSION
In the past, the rheumatology community was afraid to use MTX in patients with RA and chronic HCV infection because of the intrinsic hepatotoxicity of MTX 1 and because of the reduced capability of the immune system to downregulate the replication of HCV. This concern has become more urgent since the entry of anti-TNF agents into the therapy of refractory RA, because anti-TNF drugs might have impaired the control of viral replication through the interferon pathway and fostered HCV-mediated liver damage.
In the early 1990s, serial liver biopsy was recommended to monitor possible development of cirrhosis in patients with RA taking MTX 10 . Thereafter, this caveat has been downsized and it has been shown that longterm MTX treatment does not appear to be associated with the development of significant liver fibrosis 11 , and now, serum levels of transaminases are monitored to observe drug hepatotoxicity in clinical practice. Nevertheless, a multinational consensus of rheumatologists has developed evidence-based 
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Some studies suggest that anti-TNF agents may play a direct role in HCV-mediated hepatic inflammation and fibrosis, and that they may not be detrimental to liver function in HCV-infected patients. Levels of soluble anti-TNF receptors are significantly correlated with the severity of HCV-related liver disease 13, 14 , and TNF-a activation pathways are directly involved in liver inflammation 15 and hepatic steatosis 16 in patients with chronic HCV infection. Further, TNF-a inhibition has been shown to have an antiviral effect by promoting hepatocyte apoptosis and preventing hepatocyte regeneration in a transgenic mouse model of chronic hepatitis C 17 . On this basis, etanercept has been used as adjuvant therapy to interferon and ribavirin in patients with HCV chronic infection and it has been shown that viral activity was significantly lower in patients taking etanercept than in those who did not after 24 weeks of treatment 18 .
These data represented the rationale that anti-TNF drugs were safer than MTX in patients with RA and chronic HCV infection. Peterson, et al have retrospectively studied 16 patients with RA and HCV infection treated with etanercept or infliximab, 4 of whom were taking combination therapy with MTX 8 . They also prospectively enrolled 8 patients with RA who were treated with etanercept alone and prednisolone. Anti-TNF drugs were globally well tolerated without significant increases of liver enzymes or HCV viral load 8 . In another retrospective study, infliximab and etanercept did not worsen liver function in 5 patients with active RA and HCV infection 7 . Two further retrospective analyses have confirmed that therapy with TNF-a inhibitors (adalimumab, infliximab, etanercept) is safe in this setting for patients 5, 6, 7, 8, 9 . The major weaknesses of these studies were the retrospective design and the lack of assessment of the association of anti-TNF drugs with MTX, which is the anchor drug for almost all therapies with biologics. These publications have been thoroughly reviewed by Brunasso, et al 19 , who reported 91 patients with RA and HCV infection globally treated with anti-TNF drugs and stated that there is a lack of prospective controlled clinical trials.
In our study, we focused on the safety and efficacy of the combination of MTX and etanercept in patients with RA and chronic HCV infection. For ethical reasons, we recruited patients with RA and mild hepatitis, while those with severe hepatitis or cirrhosis were excluded. Twenty-nine patients were randomly assigned to receive MTX or etanercept alone, or the 2 drugs together, and prospectively monitored over 54 weeks. The therapy was well tolerated, and 24 out of 29 patients (83%) were still under treatment after 54 weeks. Serum levels of AST, ALT, ALP, GGT, albumin, bilirubin, and PT did not significantly change in all 3 groups of therapy, nor did HCV viral load. Only in the MTX arm did we detect a significant increase of ALP levels at 14 weeks that faded afterward. Our findings are in agreement with literature reporting a low global rate (8.8%) of patients with RA who had elevated liver enzymes or worsening of HCV viral load while taking anti-TNF drugs 19 . Of note, to our knowledge, this is the largest cohort reported in the literature of patients with RA and HCV infection (n = 16) taking MTX, alone or in combination, and only 1 patient dropped out owing to elevated serum transaminases, suggesting that HCV infection might not increase the risk of liver toxicity by MTX. We also observed a good clinical response because the DAS44 and HAQ scores significantly decreased at 14 weeks with a further reduction up to 54 weeks. No significant differences of DAS44 and HAQ were detected among the 3 treatments at any timepoint (data not shown).
However, some weaknesses of our study must be highlighted. Although it was the largest cohort in this setting, the sample size was relatively small and reduces the statistical power of our study. However, the results on safety are consistent with those extrapolated from various studies on 91 patients with RA and HCV infection treated with different anti-TNF agents globally 19 . Despite being prospective and randomized, our trial had an open-label design and only patients with RA and mild HCV related hepatitis were enrolled. Notwithstanding, we provided evidence that a definite subset of patients with RA and chronic HCV infection and compensated liver function may be successfully treated using etanercept and MTX alone or in combination without increasing the risk of hepatotoxicity and HCV replication. Instead, data on the outcomes of anti-TNF therapy in patients with RA and HCV infection and advanced fibrosis are still lacking.
